Abstract-We have fabricated an MZI with more than 20 dB extinction ratio on SOI serving for the high demands of differential phase shift keying (DPSK) receivers with the capability of fast thermo-optic tuneability.
I. INTRODUCTION
The demand for higher bandwidths of existing optical networks leads to advanced transmission schemes like DPSK which show more robustness to the optical signal to noise ratio (OSNR) or other transmission impairments. Since the DPSK receiver brings two consequent bits to interference, the used delay line interferometers have high demands on the extinction ratio to lead to small eye opening penalties. To ensure that this holds for both polarisations, the polarisation dependent frequency (PDF) should also be kept to small values. Usually, a phase stabilisation is used to readjust the working point for a drifting of the sender laser or of the filter component mainly caused by temperature variations.
In planar technology such receivers can be built with an MZI by rip waveguides on SOI, in which the SOI board can simultaneously serve as an integration platform for the photo diodes or other electro-optic devices.
Due to the high refractive index of silicon, delay lines become smaller (e.g. circa 2 mm for a 40 Gbit/s receiver) compared to silica technology. The phase stabilisation can be implemented by a thermo-electric heater, which gains in speed by the high thermo-optic coefficient and the high thermal conductivity of silicon in control velocity [1] .
One of the key specifications is the extinction ratio of the MZI. The specifications of an DQPSK system require a minimum extinction ratio of 20 dB [2] . To keep the extinction ratio lower than 20 dB, the uniformity of the power splitters for the MZI and the loss of the waveguides in the delay line may only differ about 0.87 dB. The so far published work on delay interferometers realised in an SOI rip waveguide technology using multi-mode interference (MMI) couplers, typically reported extinction ratios of less than 20 dB [3] . To the best of our knowledge, only once an extinction ratio larger than 20 dB has been reported (23.5 dB) in [1] , however, without providing details about the technology.
In this work we report the design and fabrication of an MZ delay interferometer, which was manufactured in an SOI rip waveguide technology. We have fabricated a component that reaches extinction ratios larger than 23 dB for both polarisations, thus, fulfilling one of the key specifications for the realisation of a DPSK receiver.
II. DESIGN AND FABRICATION
The components were realised on 100 mm wafers of 4 µm (100) oriented bonded and etched back SOI (BESOI). The thickness of the buried oxide layer was 900 nm. The waveguide rips were 2 µm dry etched with perpendicular sidewalls. The width was chosen to 3.2 µm to fulfil the single mode condition [4] . The power splitters were 2x2 multi mode interferometers (MMI) that were fabricated with the same etching process as the waveguides. The MMI had a length of 795 µm and was designed to excite 9 modes in the MMI section. To ease the measurement of the wavelength dependency of the MZIs, a delay line with a mode separation of 50 nm at a wavelength of 1550 nm was designed.
The samples were separated with a waver dice, polished and thermally oxidised for roughness reduction and anti reflection coating with a 267 nm thick film. Sample dimensions were 25 mm x 10 mm.
III. MEASUREMENTS
The samples have been characterized in the wavelength range 1530 -1600 nm. The light was coupled in and out of the waveguides by means of lensed fibres, without the use of a tapered structure on the SOI board. Typical fibre-to-fibre losses of a sample were about 4 -5 dB.
The transmission loss of the described MZI has been measured and referenced to a measurement of a straight waveguide on the same chip. The measured signal levels of an MZI filter over the wavelength are shown in Fig. 1 and Fig. 2 for TE and TM, respectively. It can be seen that the extinction ratios are in the range of 23 to 29 dB for both polarisations and both ports of the MZI. The polarisation dependent frequency was about 100 GHz. The polarisation of the component can be tuned by depositing a metal film, which shifts the polarisation due to stress-induced birefringence [5] . The values differ between 0.5 and 1.2 dB, which would correspondent to 24.8 and 17.2 dB in extinction ratio. However, the accuracy of the measurement of the imbalance depends strongly on the coupling efficiency. Therefore, care should be taken when translating the measured imbalance to extinction ratio values. An MZI with extinction ratios exceeding 23 dB has been fabricated in an SOI rip waveguide technology. The splitters and couplers (MMI) were realised without an additional etching step. The measured extinction ratios make the devices suitable for filters required in DPSK receivers.
